Introduction
In recent years, the field of Virtual Reality (VR) has grown significantly. The development of VR is a prevalent and growing phenomenon in domains such as scientific visualization, medical diagnosis and surgical training, flight simulation, educational tools, and 3D games. Proponents of educational VR believe that this is the future of instruction for training and teaching in sports.
Teaching a sport virtually needs more than just the story, the graphic artwork, and the software. It needs appropriate pedagogy, where the activities support the instructional strategy. Well executed virtual sport teaching needs to combine the cognitive and sensorymotor domains. Coaches are trying to give better feedback to athletes by using computer technology to improve performance. In Things That Make Us Smart, Donald Nornlan identifies seven basic requirements of a learning environment (Norman, 1993, cited in [1] ). Relevant to this paper is the requirement of providing a high intensity of interaction and feedback.
Current theories of motor learning support the notion that skills are developed through practice and feedback mechanisms that allow a generalized motor program to be developed for related skills. Feedback is 978-1-4244-2328-6/081$25.0002008 IEEE necessary regardless of the stage of development of the athlete. According to [2] , in order for the feedback to be most effective and usable, it needs to be immediate, specific and contingent.
However, the requirement of such feedback is not easily met. One of the critical problems is the perceived latency or lag [3] [4] [5] . Human users of virtual environillents (VEs) are disturbed by systelll latency, which limits their usefulness in real world applications [6, 7] . Latency, in this context, refers to the delay that occurs between the movement of the user within a VE and the result of that action being reflected by the VE. This paper is organized into five sections: 1) discussion of the latency problem as one of delayed feedback, 2) review of some previous work in handling latency problems, 3) introduction of an example of a sport simulation, 4) proposed solution for latency problems, and finally 5) reflection and conclusions from this research.
Problem in delaying feedback
In virtual teaching applications, one of the major issues is to provide an immersive environment, \vhich is computer generated with realistic appearance, behavior, and interaction. The computer needs time to read the tracker measurements, set the new caluera position, perform rendering, etc. Because of this, pictures are presented with some delay, which makes some "especially fast" tasks harder to perform.
The total latency of a virtual sport system may be defined as the delay between the movement of the real objects (e.g. the racket) and the corresponding visible feedback at the screen. There are two fundamental issues that affect speed and latency requirements. The first concerns the sensor values, which are the most sensitive to performance. The second concerns the individual components that combine to produce total system lag. Figure 1 . Illustration of latency in virtual sport system Figure 1 illustrates the system components that contribute to the time delay between the time sensors are read and the time an appropriate scene is rendered. The total latency of this system is the sum of the latencies of the sub components of the system (strictly, that lie on the critical path). Overall system latency and its visible consequences are fundamental VE deficiencies that can hamper user perception and performance. For example, latency in estimating head orientation of only a few milliseconds can at best be distracting and at worst lead to cyber-sickness. At the same time, the illusion of a virtual world is destroyed if the obj ects on the screen jitter significantly while the head is not in motion (the "swill1lning effect"). Similarly, latency in other parts of a virtual human body can make the system difficult to interact with and used effectively.
Excessive latency has been known to degrade manual performance, forcing users to slow down to preserve manipulative stability and ultimately driving them to adopt "move and wait" strategies. This problem has proven to be the most limiting when trying to use VR as an educational tool for real-world applications. For example, in a virtual teaching environment, when a trainee moves to an actual system with different latency characteristics, some of the techniques and strategies developed in the VE may not successfully transfer, making the VR education less successful.
Moreover, the effectiveness of teaching and learning in VE is dependent on the realism of the system [5, 8] . The realism of a VE is itnproved by three-dinlensional design, high fidelity surround sound, and high resolution graphics at smooth rendering rates. Realism links back to internal feedback experienced by the 978-1-4244-2328-6/08/$25.0002008 IEEE trainee. Such internal feedback is a major contribution to motivation and to trainees' evaluation of their movements. In this situation, trainees will most effectively feel, see, and hear the consequences of their actions. According to [8] , only when users "believe" or "immerse" in their environment, forgetting that all surrounding objects are virtual, do they take the environment so seriously that they engage in full body activities and may sweat as they do in a real sport.
Previous work with handling latency
Research into reducing the detrimental effects of latency can be categorized as bounding latency, reducing latency, conlpensating for latency, and achieving registration despite latency [9] . However, none of this has been entirely successful.
Reducing latency depends on improving the hardware tracking sensors. Latency can be also be reduced by improving the software generating the virtual world. Most current approaches for VR focuses on polygon rendering, which involves approximating the shape of each object with various numbers of polygons. Polygon rendering can only give real-time performance for simple virtual worlds; to handle richer worlds, improved algorithms must come from somewhere else. "Time-critical" computation, essential for VR systems to give real-tilne perfonnance [10] , is a technique in which quality is traded for speed. Latency is reduced by increasing the speed of the required computations [4, 5] . To reduce the latency through system hardware and software reorganization, [11] improved temporal response significantly by minimizing round trip delays.
Hardware improvements alone, however, cannot solve the problenl. This is because computation and sensor and display processing take finite time to execute and involve minimum latency no matter how small. The best results up to now have been achieved by the prediction method [12] . Prediction based systems use signals fronl 3D trackers as the inputs, process them, and output the predicted data. Processing takes place in the interaction cycle between tracking and evaluation stages. Very often in any application, motion position has to be predicted well in advance in order to overcome delays that are introduced by the image generating system. Without prediction, VR must use the current pose to compute and display new images for each frame. This sinlple approach can cause problems since the user might be moving during the computation and display processes, resulting in stale images and a display-to-user-motion synchronization mismatch. Table 1 shows the different categories of prediction algorithms which have demonstrated the ability to track human movement in VR environments. However, each of the prediction algorithms has its own limitations. Any prediction algorithm involves a complex mathematical algorithm, such that more cOlnplex VR simulations may impose greater computational burdens and result in the increase of latency [13] . Furthermore, according to [12] , almost all prediction algorithms contain one or more parameters that are used for tuning to optimize performance and a significant aspect in selecting an appropriate prediction algorithms depends on successfully adjusting an algorithm's parameter values. These adjustnlents are nontrivial in the sense that an optimal parameter setting for one type of user motion may not be optimal for another.
Introducing heuristics is potentially one way forward in dealing with the latency problem. Human motion sequences may be considered to be comprised "primitive motions" [14] . A primitive motion consists of a basic motion which is common to all players. Human motion cannot be modeled exactly by mathematical or physical methods [15] . And, as sport is a game of habits, during sport a player typically acts in a certain habitual pattern.
In training a free motion, the kinesthetic aspect of an action is inlportant [16] . In developing a robust prediction algorithm, it is important to achieve good estimates of the motion kinematics. Humans have developed a set of powerful heuristics for planning 978-1-4244-2328-6/08/$25.0002008 IEEE motion by solving motion planning problems whenever they move [17] . For this purpose, \ve may consider the implementation of heuristically predicted motion.
Theoretical analysis of a squash simulation
Sports training applications are good potential examples of the dynamic movements required in VR training. In order to find out whether the proposed heuristic prediction algorithms are acceptable and could fulfill the main purpose of reducing latency in VR educational applications; this paper has chosen squash as a study source. According to [18] In general, virtual sports environments are very difficult to construct in comparison with other virtual tasks because the nl0tion speed of players is very fast and the motion area is quite large. To realize a squash simulation, high speed motion prediction is required. Furthermore, a high-speed visual system with stereovision is necessary so as to display a moving player with high speed.
Speed and latency are probably the two most important characteristics affecting a comfortable and believable VR educational tool. Based on the analysis of latency components and the squash game itself which involves very fast movements, a squash simulation needs effective prediction algorithms.
Proposed Solution
This paper proposes a prediction method based on heuristics that could be used to develop a more effective and general system for VR educational applications. According to Perkins (1981 cited in [19] ), a heuristic is: HA rule of thumb that often helps in solving a certain class of problems but makes no guarantees. "
Although heuristic algorithms have been applied to a wide range of humanoid robots and avatars in VR systems [20, 21] , there seem to be no published reports that the suggested approach has been tried as a single prediction algorithm for compensating latency in VR educational applications.
A heuristic approach introduces a motion control paradigm that simplifies the generation of expressive movements by proceduralizing the qualitative aspects of movement. There are five fundamental principles on movement [22]:
1. Movement is a process of change. 2. The change is patterned and orderly. 3. Human movement is intentional. 4. The basic elelnents of human movement may be articulated and studied. 5. Movement must be approached at multiple levels if it is to be properly understood. These movement principles can be considered a heuristic. This is because human movement can be patterned and orderly which is also known as a "rule of thumb". The heuristic prediction algorithm for a squash VR system would thus focus on the habitual motion of the players in a squash game, which has certain rules, tactics, and patterns of movement that makes it an ideal subject for this.
It has been suggested that individuals may use heuristics of reasoning and rely on schemata when a quick decision is necessary. Decisions made by a squash player are very likely to be influenced by prior knowledge. Squash is a type of game with fast reactions as well as coordination, concentration, and anticipation [23] [24] [25] . We would expect heuristics to be involved in a squash VR application concerned with the automation of intelligent behavior.
Many heuristic planners have been created in an attempt to achieve the necessary speeds in off-line (or more ambitiously, on-line) processing [26] , and these would be expected to have useful application to the design of VR programs that would simulate human behavior. For many applications, a specialized heuristic motion planner is often sufficient and a computationally expensive complete planner may not be needed.
A heuristic prediction algorithm for kinematics would combine natural and unobtrusive interaction through gesturing with precise and general-purpose interaction. The basic heuristic-based algorithm is to move the player from a start location to a goal location, thus minimizing the path length in terms of time.
Motion planning incorporates path prediction with rules on human motion limitations (e.g. angular reach). Effective path prediction requires an analysis of the habitual human behavior in the specific domain of the sport application (e.g. motion of squash players). Motion planning can then update the player's motion in a way which can be referred to as heuristic-based prediction.
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Conclusion
The potential for heuristic-based prediction algorithms in VR, educational, and sport applications have been derived from a theoretical analysis of latency, feedback, existing algorithms, and consideration of a specific sport, squash.
The paper argues for the benefits of heuristic over previous prediction algorithms and what is now needed is empirical evidence. On-going research is being planned for experiments to validate heuristic predictions using data from a variety of tracking systems, applications and interaction techniques. We believe that the results may extend to other domains in teaching and training applications, to robotics, and to applications involving animation. 
